Abstract Postthrombotic syndrome (PTS) is characterized by edema, venous ectasia, hyperpigmentation, varicose veins, venous ulceration, and pain with calf compression after deep venous thrombosis (DVT). We determined the incidence of PTS after DVT diagnosed on screening ultrasound in patients undergoing primary total knee arthroplasty (TKA) for osteoarthritis (OA). We retrospectively reviewed the records of 1406 patients who underwent primary TKA for osteoarthritis and compared the incidence of PTS in patients without and with DVT. All patients had postoperative screening ultrasound. From these 1406 patients we identified 66 (4.7%) who had DVT, 50 of whom had a minimum of 1 year followup (mean, 4.97 years; range, 1.00-7.53 years). PTS was diagnosed if any two of six signs were documented in the medical record. Three of 50 patients with DVT (6%) had signs consistent with PTS; two of these three had a DVT proximal to the soleal arch. Seven (8%) of 88 patients randomly chosen for primary TKA because of OA with similar mean age and gender, but without DVT, had signs of PTS. PTS does not seem to be a major sequela of DVT in patients undergoing primary TKA for OA.
Introduction
PTS is a chronic condition in the lower extremity that develops after DVT. The reported incidence of PTS in the medical literature varies from 20% to 70% [2, [8] [9] [10] , making it the most common complication after lower extremity DVT. By definition, PTS is a syndrome generally consisting of, but not limited to, edema, skin induration, hyperpigmentation, venous ectasia, redness, pain with calf compression, and venous ulceration. Three clinical scales [10] have been reported using various combinations of these clinical signs and imaging studies to diagnose and grade the severity of PTS. None of these instruments have been validated for use in routine clinical monitoring. PTS is believed to be a major problem after DVT, with an estimated annual US cost of $200 million [14] .
With currently accepted prophylaxis [7] , the incidence of DVT after TKA is reportedly between 22% and 49% [5] . Although much effort has been devoted to preventing DVT and pulmonary embolus, there is little published regarding the morbidity caused by PTS after DVT in patients undergoing TKA. It is unclear if this is because of a low index of suspicion for PTS, insufficient clinical monitoring for PTS, or if PTS is not a major morbidity after DVT in patients undergoing TKA.
We identified only three studies specifically examining the incidence of PTS in patients with DVT after TKA. Schindler and Dalziel [15] reported a rate of asymptomatic DVT of 37.6% in patients undergoing TKA. Although this is within the range of accepted published rates for DVT Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approved the human protocol for this investigation and that all investigations were conducted in conformity with the ethical principles of research. after TKA, they limited evaluation for PTS to patients who had affirmatively answered a subjective questionnaire detailing symptoms of PTS, which could lead to major selection bias. Deehan et al. [4] reported an incidence of PTS of 13% after TKA. However, this study used a patient population that was not treated with a standardized prophylaxis protocol, which could lead to overestimation of the incidence of DVT and subsequent PTS. Lonner et al. [13] reported an 8% overall incidence of PTS after DVT diagnosed by screening venography in a mixed population of patients who had arthroplasties. This rate was similar to the rate for PTS in patients without DVT on the same screening venograms after arthroplasty.
Assuming PTS arises from DVT, we sought to confirm whether the incidence of PTS is greater in patients with DVT than in patients without DVT in a consecutive series of patients who had TKAs for a diagnosis of OA alone.
Materials and Methods
We retrospectively reviewed the records of all 1406 patients who underwent primary TKA for OA from 2001 through 2004. None of the patients included in this study had been diagnosed with PTS before their TKA. All patients were treated with a combination of mechanical (pressure stockings and sequential compression devices) and pharmacologic (warfarin at a weight and effectadjusted dose with a goal international normalized ratio of 2.0) thromboprophylaxis. All patients underwent bilateral screening lower extremity ultrasound on postoperative Day 3 according to our protocol. If no DVT was diagnosed on postoperative Day 3, 4 weeks of warfarin was prescribed. If DVT was diagnosed on postoperative Day 3, 12 weeks of warfarin was prescribed [11] . Each patient, regardless of presence or absence of DVT, was followed up as an outpatient in the orthopaedic surgeon's office at 6 weeks, 3 months, 6 months, 1 year, 3 years, and every 2 years thereafter according to our protocol. Other interim followups were done at patients' requests for subjective concerns or if a complication necessitated more frequent followup. Neither DVT nor PTS were, specifically, considered complications requiring more frequent followup in this population. Demographic, diagnostic, surgical, and complication information for these patients was entered in our prospective Institutional Review Board-approved joint replacement registry database.
We identified 66 patients who had a DVT after primary TKA for OA diagnosed on screening ultrasound on postoperative Day 3. Fifty-one patients' records included specific anatomic data regarding location of the DVT. Of these patients, 50 were identified who had at least 1 year of postoperative followup and complete medical records available for review. This followup time was chosen to exclude patients who presented with leg swelling during the immediate postoperative period. From the list of patients with negative DVT studies, we selected 100 in temporal order according to the day of their screening ultrasound, choosing groups of four to five sequential patients from among every listed group of 50 to 60 patients. Of these 100 patients, 88 had at least 1 year of postoperative followup. The two groups were similar in age at surgery (mean, 70.3 years in positive DVT group; mean, 68.3 years in negative DVT group) and gender (70% female in positive DVT group; 71.5% female in negative DVT group). The DVT group had a shorter (p = 0.003) followup compared with the no DVT group (3.1 versus 4.3 years).
We reviewed the outpatient medical records of these patients, including orthopaedic followup notes and the notes of medical and surgical specialists for documentation of six established signs of PTS: edema, venous ectasia, hyperpigmentation, varicose veins, venous ulceration, and pain with calf compression. The less specific diagnostic requirement (any two of six signs) was chosen to increase the sensitivity and decrease the false-negative rate of this review. The same clinical signs were searched for in the medical records of the control cohort.
The incidences of PTS in both groups were calculated and tested using logistic regression. Based on the group sizes of 60 and 102, we had 91.3% power to detect a medium effect (defined by estimated rates of 10% and 29% [5] ) of a one-tailed test with alpha 0.05. To account for the nonindependence of patients providing two observations, we used the Huber correction [6] to produce robust estimates of variance. The relative risk of having these signs develop with a DVT was calculated. Confidence intervals for the relative risk were calculated [1] . As a result of patients' varying followups, we also estimated rates of PTS using Kaplan-Meier failure functions.
Results
The overall rate of DVT was 4.7% (66 of 1406). The DVT was located in the operative limb in 48 patients who had unilateral TKA and was contralateral in nine; in nine patients who had bilateral TKA, eight had a DVT in one extremity, and one had DVTs in both extremities (Table 1) . Forty (79%) of 51 DVTs with specific anatomic data available were distal to the soleal arch and 11 (21%) were proximal to the soleal arch (Table 2) .
Of the 50 patients with at least 1 year of followup, three (6%) had at least two signs of PTS. The most common sign was edema (three) with skin induration, venous ectasia, erythema, and pain with calf compression present in one patient each (Table 3 ). The average duration from presentation of these signs to resolution or last followup was 48 months (range, 17-66 months). Two of the three patients with PTS had a DVT located proximal to the soleal arch. The DVTs in these three patients were in the operative lower extremity. All of these patients had signs of PTS in the same operative extremity.
Of the 88 without DVT and at least 1 year of followup, seven (8%) had at least two signs of PTS. The most common sign was edema (seven) with hyperpigmentation of the skin and venous ectasia present in three patients each. Skin induration, erythema, and pain with calf compression were present in one patient each ( Table 3 ). The average duration of these signs was 28 months (range, 2-71 months).
Controlling for differing followups, the relative risk of patients having signs of PTS develop after diagnosis of DVT by routine ultrasound after primary TKA for OA when compared with age-matched control subjects without DVT is 1.01 (95% confidence interval, 0.31-3.27). The incidence of PTS in patients with and without DVT by screening ultrasound after TKA for OA was similar (5% versus 7%; odds ratio, 1.48; 95% confidence interval, 0.35-6.30). Kaplan-Meier failure functions estimated that the incidence of PTS was 24% in the no DVT group at 7.5 years followup and 37% in the DVT group at 6.5 years followup (Fig. 1) .
Discussion
PTS is a recognized complication of DVT. In the medical literature, the reported incidence of PTS developing in patients with symptomatic DVT ranges from 20% to 70% [2, [8] [9] [10] . Commonly referenced historical literature suggests DVT develops in 22% to 49% [3] of patients undergoing an arthroplasty procedure, the total number of which was 604,600 in 2003 [12] . If PTS develops at the same rate of incidence in patients with asymptomatic DVT diagnosed on screening studies (ie, after total joint arthroplasty), the clinical and financial burdens would be staggering. We undertook this study to determine the incidence of PTS in a well-defined population of patients undergoing TKA to better delineate the magnitude of this syndrome.
This study is limited by its retrospective nature. Specific inquiry regarding symptoms and observation of signs of a newly reported syndrome is likely to be limited in routine followup. Furthermore, inherent bias is introduced when reviewing surgeons' followup evaluation notes in a retrospective manner. We attempted to reduce this bias by including notes from primary care physicians, other medical specialists, and other surgical specialists. Also, the number and availability of unbiased observer notes varies widely among our population. Finally, a 12% rate of loss to followup at 1 year decreased the total numbers of the control cohort, although this seems to have had little statistical effect. However, we had a relatively large population followed closely with prospective data. With large numbers, we were able to focus this study on a welldefined subset of patients undergoing arthroplasty to minimize potential confounding factors that may affect the rate of PTS, such as previous surgery or systemic inflammatory disease. Our protocol includes routine screening for DVT with ultrasound of the bilateral lower extremities in all patients undergoing TKA. This study includes a control Pain with calf compression 1 1 Fig. 1 The risk for postthrombotic syndrome is shown in this chart. cohort with similar age and gender demographics to compare with the study group and better define the effect the presence of DVT has on development of PTS. If PTS is a complication of DVT in asymptomatic patients screened by ultrasound after TKA, then the incidence of PTS should be greater in patients diagnosed with DVT than in patients without DVT in this population. Our data showed no difference in the incidence of PTS in patients with and without DVT after TKA. In comparison to the work of Schindler and Dalziel [15] , our reported rate of DVT after TKA was much decreased (5% compared with 37.6%). Furthermore, patients in their study were symptomatic, by virtue of their questionnaire. Their rate of PTS (12.5%) is slightly greater than our rate of 6%, but these likely do not reflect real differences given the population sizes in each study. Schindler and Dalziel made no comparisons to patients without DVT. Deehan et al. [4] reported an incidence of PTS of 13% after TKA in all patients with or without a diagnosis of DVT. Without radiographic or ultrasound evidence of DVT, they simply performed clinical examinations on all patients after TKA. They surmised that PTS may occur as a result of some other underlying disorder, and PTS ''may not depend entirely on the extent of the initial thrombosis and may occur in the absence of thrombosis'' [4] . Although our approach to the study of PTS differs from theirs, our overall incidence is nearly the same for all patients undergoing TKA with and without DVT. Lonner et al. [13] reported an incidence of each of the signs of PTS between 12% and 18% after DVT diagnosed by screening venography. This was similar to the rates of the signs of PTS without DVT in the same population. Although their radiographic modality differed, their study most closely resembled ours. However, their mixed population of patients undergoing arthroplasty by procedure and by preoperative diagnosis may contribute to their slightly greater rates of the signs of PTS.
Based on our data and those from other published studies regarding PTS in the arthroplasty population [4, 13, 15] , the incidence is far lower than that reported in the medical literature [2, [8] [9] [10] . Furthermore, our findings and those of Deehan et al. [4] and Lonner et al. [13] show the rates of PTS are similar in patients undergoing arthroplasty with and without DVT. Although PTS has been reported as the most common complication after DVT in the general medical literature [8] , it does not contribute major morbidity in patients with DVT after TKA based on our clinical experience. Our study and the literature [4, 13, 15] suggest the incidence of PTS in patients with DVT after primary TKA for OA is 6% to 12%, which is similar to the incidence of PTS in patients without DVT in the same population. Based on these data, we believe PTS is not a clinically important complication of DVT after TKA for OA, and prognosis for having these sequelae is no different for patients with or without DVT in this subset of patients undergoing arthroplasty.
